Purpose: To compare the clinical outcomes in patients with concomitant superior labrumebiceps complex (SLBC) lesions and rotator cuff tears who underwent arthroscopic rotator cuff repair, according to 3 different treatment methods (simple debridement, biceps tenotomy, or biceps tenodesis) for the SLBC lesions. Methods: One hundred twenty patients who underwent arthroscopic rotator cuff repair with SLBC lesions (biceps partial tears <50%, partial pulley lesions, and type II SLAP lesions) were enrolled in this prospective comparative study and randomly assigned to 1 of 3 treatment groups (simple debridement [Deb], biceps tenotomy only [BTo], or biceps tenodesis with one suture anchor [BTd]). Patients with isolated subscapularis tears or osteoarthritis were excluded. Finally, 86 patients (Deb in 28, BTo in 27, and BTd in 31) were analyzed (mean follow-up, 22.1 AE 7.72 months; mean age, 58.98 AE 7.8 years). Pain; functional, clinical, and radiologic outcomes; and the strength index of elbow flexion and forearm supination were analyzed. Results: Pain, range of motion,
V arious lesions are found combined with rotator cuff tears, such as cartilage defects, long head of the biceps (LHB) lesions, labral lesions, and bony lesions. [1] [2] [3] [4] [5] Among these lesions, superior labrumebiceps complex (SLBC) lesions (partial tears of the LHB tendon, SLAP lesions, and partial tears of the anterior or posterior biceps pulley) are considered to be continuous lesions of the biceps tendon and superior labrum that might be associated with biceps tendon instability. 6 However, SLBC lesions without biceps instability (subluxation or dislocation) are frequently encountered during arthroscopic rotator cuff repair and are known to cause anterior shoulder pain. [7] [8] [9] [10] Many clinical trials regarding treatment options for SLBC lesions have been performed to improve clinical outcomes of surgical rotator cuff repair. [11] [12] [13] [14] [15] [16] [17] Biceps tenotomy is relatively easy, timesaving, and simple and has been reported to reduce pain effectively. 18, 19 Biceps tenodesis can preserve the normal tension and power of the biceps muscle and is thus preferred in some settings, such as for relatively young patients or heavy laborers. 20, 21 There are numerous methods for tenodesis, including suture anchor tenodesis, interference screw tenodesis, and soft-tissue tenodesis. The LHB tendon can also be fixed in the suprapectoral area, bicipital groove, or subpectoral area. 22, 23 Repair of degenerative SLAP lesions and rotator cuff tears can be performed at the same time; however, such operations can result in limited shoulder range of motion (ROM). 11, 14, 15 Relatively little attention has been paid to simple debridement procedures. Simple debridement for SLBC lesions can preserve the normal anatomy of the LHB tendon, which is thought to have an important role in the shoulder joint, 24 and is a simple and timesaving procedure. It can also prevent the Popeye deformity, which can occur in biceps tenotomy or tenodesis. 11 Thus far, comparative studies have been performed between tenotomy and tenodesis 13, 16, 25 or 2 kinds of tenodesis methods, 23, 26, 27 but to our knowledge, no comparison of simple debridement, tenotomy, and tenodesis has been conducted. Therefore we designed this prospective, randomized, comparative analysis of these 3 different treatments (debridement of degenerative lesions, biceps tenotomy, and biceps tenodesis) for SLBC lesions with arthroscopic rotator cuff repair. The purpose of this study was to compare clinical outcomes, including pain, function, and radiologic results, in patients with concomitant SLBC lesions and rotator cuff tears who underwent arthroscopic rotator cuff repair, according to 3 different treatment methods for the SLBC lesions. We hypothesized that there would be no significant differences with respect to functional improvement among the 3 methods.
Methods Patient Enrollment and Evaluation
The institutional review board at our institution approved this study (IRB No: B-1005/100-006), and all patients provided written informed consent to participate in this clinical trial, which was a prospective, randomized, controlled, clinical trial of patients who underwent arthroscopic surgery for rotator cuff tears and SLBC lesions. All patients had rotator cuff tears diagnosed by preoperative magnetic resonance imaging (MRI) and, concomitantly, one of the following SLBC lesions (or some combination thereof), which was confirmed during the arthroscopic procedure: type II SLAP lesion, partial tear of less than 50% of the LHB tendon, or partial biceps pulley tear. 4, 5 The rotator cuff tear was reconfirmed intraoperatively during the arthroscopic procedure, and patients with full-thickness tears of the supraspinatus (and infraspinatus), highgrade partial-thickness supraspinatus tears, and fullthickness subscapularis tears with supraspinatus (and infraspinatus) tears were included. A partial tear of the biceps pulley was defined as fraying or gross partial tearing of the anterior or posterior biceps pulley. Stability of the biceps tendon was tested intraoperatively by fully rotating patients' arms internally and externally. If the biceps tendon was displaced by more than half of its width from the entrance of the bicipital groove, it was defined as having subluxation (50% to 100%) or dislocation (>100%). We excluded patients who did not want to participate in this study; had undergone any prior operation on the ipsilateral shoulder; had a normal rotator cuff, superior labrum, and biceps tendon; had isolated subscapularis tears or irreparable rotator cuff tears; had undergone conversion to an open procedure; had glenohumeral osteoarthritis of more than grade II according to the Samilson-Prieto classification; had an LHB tendon tear of more than 50%; or had biceps dislocation or subluxation. There were 2 patients who underwent distal clavicle resection and tenotomy. Distal clavicle resection was performed in patients who had symptomatic acromioclavicular arthritis. A total of 120 patients with combined rotator cuff tears and SLBC lesions were enrolled in this clinical trial between June 2010 and November 2011. These patients were randomized into 3 groups by a random-number table during the arthroscopic procedure, according to the management of the SLBC lesions: 40 patients to debridement of the SLBC lesions (Deb group), 40 patients to tenotomy of the LHB tendon (BTo group), and 40 patients to tenodesis of the LHB tendon (BTd group).
Preoperatively, we evaluated patients in terms of arm dominance, trauma history, bicipital groove tenderness, visual analog scale (VAS) for pain, ROM, and functional score (American Shoulder and Elbow Surgeons [ASES] score). All patients underwent a preoperative assessment, including comprehensive physical tests specific to rotator cuff lesions (Jobe test, rent sign, Hawkins test, external/internal lag sign, and so on), SLAP lesions (compression rotation test, O'Brien test, and so on), and biceps lesions (Speed test, Yergason test, tenderness, and so on), as well as radiographic examinations using standard radiographs (true anteroposterior, lateral axial, supraspinatus outlet, and 30 caudal tilt views) and magnetic resonance arthrography (71 patients) or MRI (15 patients).
Surgical Techniques and Rehabilitation
All surgical procedures were performed with patients in the lateral decubitus position under general anesthesia by a senior surgeon (J.H.O.). A posterior portal was established for inspection of the glenohumeral joint. An anterosuperior portal through the rotator interval was made as the working portal for the management of SLBC lesions and other intra-articular lesions. Simple debridement of SLBC lesions, biceps tenotomy, or biceps tenodesis was performed after arthroscopic confirmation of the SLBC lesions (Fig 1) . In the Deb group, simple debridement was performed with an arthroscopic shaver device (Ergo; ConMed Linvatec, Largo, FL) and radiofrequency device (VAPR; DePuy Mitek, Raynham, MA) for SLBC lesions. In the BTo group, biceps tenotomy was performed with arthroscopic scissors at the junction between the biceps tendon and superior labrum. In the BTd group, biceps tenotomy was first performed in the same manner as in the BTo group, and then biceps tenodesis was performed in the subacromial space before rotator cuff repair viewed by a 70 arthroscope. With the patient's arm in the external rotation position, the bicipital groove was identified with a probe. Then, the bicipital sheath and transverse humeral ligament were opened with a radiofrequency device, and the biceps tendon that had undergone tenotomy was retrieved. After preparation of the bony surface of the bicipital groove as low as possible, one suture anchor (Paladin; ConMed Linvatec) was inserted approximately 3.5 cm distal to the top of the bicipital groove, and biceps tenodesis was performed using 2 simple sutures. While tenodesis was being performed, the cut tendon was held with a grasper from the anterior portal, which was handled by an assistant surgeon (Y.H.L., J.S.P., or W.K.) for positioning the tendon in the proper location and preventing distalization of the LHB tendon.
After the treatment procedure for the SLBC lesions, subacromial decompression was conducted to remove inflamed bursal tissue in all patients. Acromioplasty was performed to create a flat acromion in patients with spurs; 6 patients did not undergo acromioplasty. After the atrophied, torn end of the cuff was completely debrided, the anteroposterior dimension, retraction, and status (i.e., tendon mobility) of the tear were evaluated. Either a single-or double-row repair technique was used. We attempted to repair the cuff with minimal tension. In general, single-row repair was performed in patients with small tears (<1 cm in size) using Spiralok anchors (DePuy Mitek) or large to massive tears whose tendons were hardly mobilized to a lateral footprint using several Paladin anchors (ConMed Linvatec). Otherwise, a double-row suture bridge technique (2 Paladin anchors for medial rows and 2 Versalok anchors [DePuy Mitek] for lateral rows) was the standard procedure for rotator cuff repair. All knots were tied securely using a self-locking sliding knot.
All patients followed the planned rehabilitation protocol. Immobilization was maintained with an abduction brace, and the duration of immobilization was based on the tear size measured at the time of operation: 4 weeks for small tears (<1 cm), 5 weeks for medium tears (1 to 3 cm), and 6 weeks for large to massive tears (>3 cm). Shrugging of both shoulders, active elbow flexion/extension, active forearm supination/pronation, and active hand and wrist motion were encouraged immediately after surgery, and the surgical wounds in all patients were checked at 2 weeks postoperatively. Active-assisted shoulder ROM exercises began after weaning from the brace, and muscle strengthening was started at 9 to 12 weeks postoperatively with respect to tear size. All sports activities were permitted 6 months after the operation.
Outcome Assessments
Eighty-six patients (28 in the Deb group, 27 in the BTo group, and 31 in the BTd group) were followed up postoperatively for more than 1 year (Fig 2) . As part of regular follow-up visits, patients were evaluated at 3 months, 6 months, and 1 year after surgery and then annually. At every visit, the VAS pain score, the VAS satisfaction score for the operation, bicipital groove tenderness, and cramping pain of the anterior arm were evaluated. Shoulder ROM (forward flexion, external rotation with the arm at the side, and internal rotation) and functional scores (ASES scores) were measured by a clinical researcher who was blinded to the study groups. The Popeye deformity was evaluated by the observer's evaluation as none, mild (only observed by active elbow flexion), or severe (observed at resting status). To evaluate anatomic outcomes, MRI was performed at 1 year after surgery. If patients were not available for MRI because of economic constraints, ultrasonography was performed. Postoperative MRI was completed in 67 patients and ultrasonography in 19 patients. The integrity of the repaired rotator cuff and the presence of the biceps tendon in the bicipital groove were evaluated by a musculoskeletal radiologist at the senior author's (J.H.O.) institution, with 10 years of experience. Types I to III according to the Sugaya classification were classified as "intact" and types IV and V as "retears."
At the final follow-up visit, elbow flexion and forearm supination strength were measured with a specially 
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designed apparatus (Fig 3) . Patients were tested 3 times for each arm, and the mean values were used. The strength index (SI) was calculated by dividing the elbow flexor power or supination power of the affected upper extremity by that of the contralateral upper extremity.
16,28

Data Analysis
Statistical analysis was performed with the SPSS software package (version 19.0; SPSS, Chicago, IL), and P < .05 was considered statistically significant. The preoperative and postoperative VAS pain scores, ROM, ASES scores, VAS satisfaction scores, and SI values were compared by use of paired t tests, analysis of covariance, and analysis of variance with Bonferroni correction. For the analysis of dichotomous variables (bicipital groove tenderness, cramping pain, deformity, and retear), the c 2 test, Fisher exact test, or McNemar test was used.
Power analysis indicated that a total sample size of 81 patients (27 patients in each group) would provide 90% power (b ¼ .1, a ¼ .05) to detect significant differences in ASES scores, with the assumption of an effect size of 0.4 (mean difference of 5 points and SD of 10 points). This was inflated to 40 per group to account for an estimated 30% loss to follow-up. 29 
Results
General and Rotator CuffeRelated Outcomes
The mean follow-up period was 22. Regarding the shoulder pathologies, the preoperative size of rotator cuff tears, the frequency of the different SLBC lesions, and the repair technique proportion (single-row v double-row repair) did not significantly differ among groups (Table 2) . Postoperatively, VAS pain scores, ASES scores, and ROM were significantly improved in all 3 groups (all P < .05), and there were no significant differences among groups. The mean VAS satisfaction score was 8. Table 5) . Although a higher rate of patients in the BTo group complained of bicipital groove tenderness preoperatively than the rates of patients in the other groups, the proportion of improved symptoms was statistically significantly higher in the BTo group.
At the final visit (28 patients were followed up for 1 year and 58 patients were followed up for >1 year), 10 patients (37.0%) showed the Popeye deformity in the BTo group, along with 8 (25.8%) in the BTd group and only 2 (7.1%) in the Deb group. Among these, the deformity newly developed after 1 year postoperatively in 2 patients (1 in the Deb group and 1 in the BTd group). The Deb group showed fewer deformities than did the other groups (P ¼ .029). Severe Popeye deformities, which were observed without forearm flexion, were observed in 2 patients in the Deb group, 5 in the BTo group, and 3 in the BTd group. The Popeye deformity was more likely to develop in male patients (male-female ratio, 15:5; P ¼ .004), especially a severe deformity (male-female ratio, 8:2, P ¼ .038) ( Table 6 ). The presence of the biceps tendon in the bicipital groove showed low agreement with the Popeye deformity on radiologic evaluation; the biceps tendon could be observed in the groove in 13 of 20 patients with the deformity on ultrasound or MRI.
In the SI analysis, the BTo group showed significantly lower forearm supination strength (0.877 AE 0.44) compared with that in the other groups (1.29 AE 0.525 in the Deb group and 1.12 AE 0.451 in the BTd group, P ¼ .049). The SI of elbow flexion did not significantly differ among groups (Deb, 1.030 AE 0.36; BTo, 1.042 AE 0.49; and BTd, 1.103 AE 0.36; P ¼ .827). There was no correlation between SI and Popeye deformity (1.071 AE 0.41 for elbow flexion and 1.143 AE 0.47 for supination without deformity v 1.022 AE 0.35 for elbow flexion and 1.049 AE 0.57 for supination with deformity; P ¼ .669 and P ¼ .983, respectively). Internal rotation was measured by the vertebral spinous process that could be reached with the patient's thumb and converted into contiguous numbers: T1 to T12 was changed to 1 to 12, L1 to L5 was changed to 13 to 17, and sacrum thigh was changed to 18. 
Discussion
The current data suggest that simple debridement appeared to be a good treatment option among various methods for treating SLBC lesions (type II SLAP lesions, partial tears of <50% of the LHB tendon, and/or partial biceps pulley tears) because it was associated with a lower incidence of Popeye deformities and could preserve supination power, although all 3 methods (simple debridement, biceps tenotomy, and tenodesis) resulted in similar good clinical outcomes for patients with SLBC lesions and concomitant reparable rotator cuff tears. According to previous studies, simple debridement, biceps tenotomy, and tenodesis all have good clinical/ functional outcomes and patient satisfaction. 11, 13, 15 Biceps tenotomy is also simple, has a short operation time, and is good for early pain relief. Tenodesis can maintain muscle tension, which might preserve contour and avoid muscle fatigue. By contrast, repair of SLAP lesions or relocation of dislocated/subluxated LHB tendons with rotator cuff repair has shown no advantage over other methods.
11,14,15 Zhang et al. 17 reported that both tenotomy and tenodesis were effective for the treatment of LHB lesions with reparable rotator cuff tears, but tenotomy required a shorter surgical time and resulted in faster pain relief. Therefore they suggested that tenotomy would be preferred for the treatment of LHB lesions in patients aged older than 55 years. However, if patients complain of bicipital groove tenderness, treatment other than debridement must be considered. This finding usually indicates a hidden lesion in the biceps tendon in the bicipital groove, such as a partial tear or synovitis. Therefore simple debridement might not be an effective option in this NOTE. Data are presented as mean AE standard deviation unless otherwise indicated. ASES, American Shoulder and Elbow Surgeons; BTd, biceps tenodesis with one suture anchor; BTo, biceps tenotomy only; CI, confidence interval; Deb, debridement only; ROM, range of motion; SI, strength index; VAS, visual analog scale.
*Internal rotation was measured by the vertebral spinous process that could be reached with the patient's thumb and converted into contiguous numbers: T1 to T12 was changed to 1 to 12, L1 to L5 was changed to 13 to 17, and sacrum thigh was changed to 18. The SI is calculated by dividing the elbow flexor power or supination power of the affected upper extremity by that of the contralateral upper extremity.
k Statistically significant. situation, as our data have shown (Table 5) . Biceps tenotomy or tenodesis may be a better choice; however, the arthroscopic suprapectoral tenodesis that we performed in this study might be ineffective in terms of improving bicipital groove tenderness, as reflected in the current data and in other studies. 18, 21, 30 Furthermore, as Millett et al. 31 reported, persistent bicipital groove tenderness is common even after subpectoral tenodesis. According to our data, bicipital groove tenderness showed better improvement after biceps tenotomy compared with that after simple debridement or tenodesis. Bicipital groove pain might originate not only from the tendon but also from the surrounding tissue. 32 However, with biceps tenodesis, postoperative pain at the site of tenodesis can occur, affecting patient satisfaction, 31 whereas such pain is not a concern with biceps tenotomy. Therefore, if patients complain of bicipital groove tenderness, other procedures may be considered. Simple debridement may not be as effective an option for eliminating this issue, although no difference in function or outcome measures was noted in our study if bicipital groove tenderness persisted.
If the biceps tendon is cut, it is possible that the Popeye deformity may occur. According to our data, the Popeye deformity occurred in 37% of patients undergoing biceps tenotomy and 25.8% undergoing tenodesis (P > .05). Osbahr et al. 25 reported similar results; however, in general, biceps tenotomy leads to more Popeye deformities than does biceps tenodesis. 13 Koh et al. 16 prospectively compared the outcomes of biceps tenotomy and suture anchor tenodesis in the context of rotator cuff repair and found no clinical differences between the 2 methods except for a lower rate of the Popeye deformity in the tenodesis group (9% v 27% in the tenotomy group, P ¼ .036). It is important to be aware that deformities can occur even after biceps tenodesis, which are probably due to failure of the tenodesis or improper tension of the biceps tendon with successful tenodesis. However, the deformity is somewhat subjective, so caution is needed when comparing the incidences of the Popeye deformity among studies, with attention paid to how the Popeye deformity is defined. In our study the presence of the biceps tendon in the bicipital groove showed low agreement with the presence of the Popeye deformity, and the biceps tendon could be observed in the groove in 65% of patients (13 of 20) with the deformity on ultrasound or MRI. Therefore simple debridement has an advantage over biceps tenotomy and tenodesis in reducing the Popeye deformity, especially in male patients.
Biceps tenodesis is usually recommended after tenotomy for 2 reasons. The first is cramping pain after tenotomy. However, many studies have reported no difference in cramping pain between tenotomy and tenodesis. 16, 17, 25 Similarly, 8 patients complained of cramping pain at 6 months postoperatively in this study, but most of them (6 patients) no longer complained of it at their last follow-up visit. This finding is consistent with the findings of Zhang et al. 17 Therefore cramping pain may have little clinical importance when one is considering the management of SLBC lesions. The second reason to prefer biceps tenodesis is the maintenance of muscle power. Shank et al. 33 reported no statistical difference in forearm supination or elbow flexion strength between asymptomatic patients who underwent tenotomy and those who underwent tenodesis, and other studies also found no significant difference in elbow flexion strength between the 2 procedures. 13, 16 However, Wittstein et al. 20 reported that tenotomy decreases supination peak torque relative to that on the nonoperative side and with tenodesis. A 40% decrease in elbow flexion and supination power was reported after biceps tenotomy compared with that in a control group. 34 Park et al. 28 introduced the concept of the elbow SI, and Koh et al. 16 used it to compare elbow flexion power between patients who underwent tenotomy and those who underwent tenodesis along with rotator cuff repair. These authors confirmed, through the SI of elbow flexion and forearm supination power, that tenotomy resulted in less supination power than did simple debridement and A mild deformity can only be observed on active elbow flexion, whereas a severe deformity can be observed at rest. tenodesis. Therefore, if patients want to preserve supination power, biceps tenodesis as well as simple debridement is beneficial.
Limitations
This study has several limitations. The first is the male predominance in the BTd group. We initially performed randomization using a random-number table, but at the final analysis, male predominance was found in the BTd group. We analyzed preoperative and postoperative variables separately for male and female patients and found no significant differences between sexes. However, this sex imbalance can detract from the value of a randomized study. Second, more than 20% of patients were lost to follow-up. Although our rate of follow-up loss was 29%, at our institute, the average rate of follow-up loss is 35% 35 ; thus, at the start of this study, we set the expected rate of follow-up loss at 30%. We tried to recruit patients to visit the clinic as scheduled and to undergo imaging as planned; nevertheless, many patients refused for personal and financial reasons. The higher than ideal lossetoefollow-up rate may have led to the study being underpowered. Third, 3 different types of SLBC lesions were included in our definition: SLAP lesions (lesions of the labrum), biceps partial tears (lesions of the LHB tendon), and partial pulley tears (lesions of the pulley). Fourth, this study involved a short-to medium-term follow-up. All patients were followed up for at least 1 year postoperatively, but longer-term follow-up is necessary to determine the ultimate prognosis for each procedure. According to findings from the Hospital for Special Surgery arthroscopic rotator cuff registry, 36 at least 2 years and preferably more than 5 years of follow-up is needed to assess clinical and radiologic outcomes. In addition, the analysis of strength included a sufficient number of patients for statistical power. Another limitation is the reliability of the radiologic results because only 1 radiologist interpreted the MRI and ultrasound data. Because this was not a study of interobserver or intraobserver reliability regarding diagnosis, we followed the opinion of a musculoskeletal radiologist who had 10 years of experience at the senior author's institute and who was not involved with this study. In addition, different types of anchors were used according to the repair method, which differed by tear size and configuration. We cannot deny these potential biases; however, we do not believe that they have significantly affected our results. Furthermore, if we had used the LHB score that was developed in 2011 by Scheibel et al., 37 we could have obtained more accurate and relevant information, but we were unable to use this score. Finally, among the various tenodesis methods, only suture anchor tenodesis was used in this study. Many biomechanical studies have shown that different tenodesis techniques are associated with different initial fixation strength, ultimate failure strength, or displacement values after cyclic loads. 23, 27, 38 However, few studies on the clinical results of different tenodesis techniques have been performed. Millett et al. 31 compared interference screw fixation with suture anchor fixation for open subpectoral tenodesis and found no statistical difference in outcomes between the 2 techniques. Similar results were reported by Biz et al. 12 Therefore further studies regarding clinical outcomes of various tenodesis techniques in the setting of arthroscopic rotator cuff repair should be performed.
Conclusions
All 3 treatments for SLBC lesions improved pain and function in the setting of arthroscopic rotator cuff repair. Simple debridement showed the lowest risk of the Popeye deformity and preserved forearm supination strength. Biceps tenotomy and tenodesis may be preferable for selected patients: biceps tenotomy for patients who have definite bicipital groove tenderness and biceps tenodesis for patients, especially male patients, who have bicipital groove tenderness and want to preserve supination strength.
